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ABSTRACT
Dietarv intake of inorganic arsenic, previously assumed to be an insignifi-

cant source of arsenic exposure in humans, was estimated for Canadian and
United States populatons. Input data included arsenic contents of various
food groups, a limited historical database from the Ontario Minisuy of the
Environment measuring the percent inorganic arsenic in food groups, and
food consumption data. Estmated dailv dietary intake of inorganic arsenic
ranges from 8.3 10 14 pg/day in the United States and from 4.8 10 12.7 pg/dav
in Canada for various age groups. These data suggest that between 21% to 40%
of total dietary arsenic occurs in inorganic forms. Uncertainties regarding total
arsenic in dairy products in the data set applied here may account for observed
differences between United Staies and Canadian estimaies. While esumates
provided here are preliminary because of limitations in data on the proportion
of inorganic arsenic in foods, this analvsis suggests that dietary intake of
inorganic arsenic is higher than is currenty assumed. Additional research is
needed to more fullv characterize inorganic arsenic concentratons in foods.
Future study is also needed on the variability of total and inorganic arsenic in
foods and the bioavailabilitv of dietary inorganic arsenic.
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INTRODUCTION

As the 20th most abundant element in the Earth’s crust, arsenic has been
detected in virtually all foods evaluated (NAS, 1977; Irgolic, 1992). Specation
analvses of arsenic have focused primarily on marine: animals; less data are
available for marine plants and iess vet are available for terresmial biota anc
foods as consumed (Irgolic, 1992; Phillips, 1994). (A separate manuscript
[Schoof et al., 1998] has been submitied presenting results of speciation
analyses of arsenic in vams and rice collected in Taiwan. The resuits of these
analvses are new daw that can be used to evaluate arsenic concengagons in
vams and rice.) Arsenic in marine biota has been shown to occur predomi-
nanty in nontoxic organic forms (i.c., arsenobetaine and arsenocholine;.
Because of the widespread belief that most diewarv arsenic also occurs in
nontoxic organic forms, dietary intake of inorganic arsenic is typically consid-
ered to be insignificant (Gunderson, 1995). This may not be the case.

A preliminary study of speciated arsenic in food was conducted by the
Onztario Ministry of the Environment (OME). Results have been circulated in
internal memoranda (OME, 1987), but they have never been published. A
review of the OME (1987) data in light of reports evaluating the data shows
that these data have been widely misinierpreted because of an inaccurate table
in a2 widely cited U.S. Environmental Protection Agency (EPA) report (USEPA,
1988).! For example, although OME did not analyze any potatoes or veg-
etables, the data have been cited as indicadng that arsenic in vams (USEPA,
1988) and vegetables (Mushak and Crocett, 1995) occurs primarily in organic
forms. This paper presents the findings of the 1987 OME study and applies
them to provide preliminary estimates of inorganic arsenic intake in rypical
United States and Canadian diets.

SPECIATION ANALYSES CONDUCTED BY OME

To identfy the relative proportuons of inorganic and organic arsenic in
foods, OME analyzed 15 samples of food for total arsenic and for inorganic
and organic arsenic forms. These analyses were carried out by the Ontario

1 Table E-]1 of USEPA (1988) cites the OME study presented here as the source of
estimates of the percentage of inorganic arsenic in food groups that EPA applied
in deriving toxicity vaiues for arsenic. None of the EPA inorganic arsenic percent-
apes match those detected by OME. EPA estimates for saltwater. fish (0%), rice
(35%), and cereals {65%) are close o those detecied bv OME (i.c., EPA éstimztes
are within 5-10 percentage points of those predicted bv OME data). However, EPA
estimates for milk (76%) and poultry. (65%) appear to be the inverse of those
detected by OME for milk (26%) and pouluy (41%), EPA estimates for fruir
(10%) does not agree with the percent suggested by OME data (73%), and.there
were no OME analvses for potatoes or vegetables and thus these EPA esumates (of

90% and 95%, respectively) are unexplained.
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Research Foundaton ( ORF) for the OME. Method development was reported
in one technical memorandum (OME. 1986) and results in 2 second (OME.
1987) : ' '

Methods

Total and speciated arsenic were measured in 15 homogenized foo%&’g;});es
(OME, 1986). Although only one sampie was analvzed for each foods a7l bur
four of the food samples were analyzed in duplicate or triplicate (r.¢., all excep

.. jgarettes).
sole, tuna, apple juice, and c1gar £1107 g (depending on moisture

: ts, aliquots ©

For total arsenic measuremen : O

and { 2:_.r,-,[) were measured into 195-m1 flasks, 20 ml concentrated nitic
at cont

warmed untl the initial r%f:acdon subsidea.
acid was added, anc san:]?::a‘:;iif:d. :nng the solutions were evaporated 1o light
Sulfuric acid (2 ml) was essary to prevent charring or Joss of sampie,
fumes of sulfuric acid. When necessan C e i
o ; dded. Perchionc acid (2 ml) and nimic acid (§ ml) uere then
nitric acid was @ ¢ was evaporated 10 deswoy residual organic material and
added, Lhe.m.nmre,chjon'c acid, and samples were allowed to cool. Deionized
expel re’(;‘m?)mfng hvdrochloric acid (5 ml) were then added. The solutions
water ( ]m’: d 10 djs'sO]ve predpimled salts, cooled, and diluted to volume
y;!:in‘lh; Finally, the solut:ion? were reduced from the per:na\"alem to the
trivalent state using potassium jodide and analyzed for total arsenic by hvdride
atomic absorption. _

Analvses for speciated arsenic began by digesung subsamples of the foods

analvzed for total arsenic using hvdrochloric acid (25 ml of a 50% solution)
and hvdrobromic acid (1 ml) and then refluxing samples in a Bethge distilla-
von aippararus for 5 10 15 minutes until 20 ml of distillate could be coliected.
Then an additional 20 m} of hydrochloric acid was added, and 20 m} more of
the distillate was collected. Condensers and receivers were rinsed, and the
rinsate was added to the combined distillate.
- Inorganic arsenic was reduced to the trivalent state during distillation and
codistilled with the acid mixture. Distillates containing the inorganic arsenic
were combined with nitric acid (5 ml) and sulfuric acid (2 ml), and the
solutdons were evaporated to fumes of sulfuric acid. Afier cooling, water
(10 ml} and hvdrochloric acid were added and the solutions were diluted- 1o
25 m] for hvdride generation atomic absorption analyvsis. ‘

Organic arsenic was determined by taking the residues in the distillation
flask: adding concentrated nimic (approximately 20 ml). sulfuric (2 ml), and
perchloric (5 ml) acids; evaporaung 1o fumes of perchloric acid; diluting; and
detecting with hvdride generation atomic absorption. OME (1986) mentions
possible breakdown of organic arsenic during the distillation step and notes
that evaporating the distillation flask to dryness could cause further decompo-

sition of organic compounds.

+

The principal investigator, Roland Weiler, has retired and couid not be contacted,
consequendy, some details of the procedures are unknown.
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Results
Total arsenic concentrations in the foods analyzed ranged from 0.011 mg/kg

in pasuy flour to 4 mg/kg in sole (Table 1; all sample:results are reported as
wet weight. except as indicated). Inorganic arsenic concentrations ranged
from 0.0042 mg/kg in vanilla ice cream to 0.1 mg/kg in rice and shrimp. and
organic arsenic concentatons ranged from undetected in a variety of foods
to 0.52 mg/kg in canned shrimp. The percent inorganic arsenic in these
foods, calculated here by dividing the average inorganic arsenic for a specific
food bv the total arsenic for that food,® ranged from 1% for marine fishes 10
100% for meat (based on samples of pork and pastrami). When dawa were
available for several foods from a food group (i.e., in thecase of meat, saltwater
fish, and cereals), the average for thatfood group was also calculated (Table 1).

INTAKE OF INORGANIC ARSENIC :
Methods used in estimating dietary intake of inorganic arsenic in United
States and Canadian populations are described in the following sections.

United States Diet

Total arsenic intake from a typical diet in the United States was calculated
from data compiled by the U.S. Food and Drug Administragon (FDA) on food
consumpuon patterns and total arsenic concentratons in foods. Food con-
sumpuon patierns for United States populatons were based on FDA market
basket surveys for 1982 through 1990. These surveys provide consumpton
rates for 11 peneral food groups that represent the diets of United States
populatons in three age caiegories: infants (0 to 6 months), ioddlers (6 months
to 2 vears), and adults (18 vears and older) (Borum, 1992; Gunderson, 1995).
FDA also reports total arsenic concentratons detected in foods that corre-
spond with the categories evaluated in the consumption surveys (Gunderson,
1995). Foods were prepared for cooking, cooked, digested with nitric, perchio-
ric, and sulfuric acids, and analyzed with hydride generaton atomic absorp-
tion. In a background document prepared by EPA (Borum, 1992), food
consumption data were combined with FDA measurements of total arsenic
concenuations in foods to estimate total arsenic intakes of 21.5 pg/day fo
infants, 27.6 ug/day for woddiers, and 52.6 ug/day for adults.

To derive the inorganic arsenic intake estimates in Table 2, the FDA's total
arsenic esumate for each food group presented in Borum (1992) was mulu-
plied by the OME estimates of the percent inorganic arsenic for. the corre-
sponding food groups (Table 1). Certain FDA categories did not have an exact
counterpart in the OME (1987) study. Specifically, no OME data were avail-

¢ For some samples, less than 100% of the total arsenic was recovered as inorganic
arsenic. We calculated inorganic arsenic as a percent of total arsenic, based on the
assumption that unrecovered arsenic was either in complex organic forms. or if
present as inorganic arsenic, it would not be bioavailable.
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TABLE 1. SPECIATED ARSENIC DATA FROM ONTARIO
MINISTRY OF THE ENVIRONMENT"

. Arsenic Concentratior. 9% inorganic
Food Catepory IN} Jotl lnorgenic . Drpenic Arsenic'

v Milk and Dairy Froaucts (average) L_le

' T 0016 0004z <0.00Z 2€

Venille ice cream {aversge of rephcates! i

First rephcate 0.003¢& <0.003

0.004¢ <0.0CZ

Second rephicate
‘ 100'

Mest (sverege!

Pork (cured, sverape of rephicates) i 0.01Z 0.018 <0.007 144
First replicate 0.013 - -
Secono replicate 0.012 - -

Fastrami taverage of replicetes) * 0.02¢ 0.024 <0.00¢ 13
First replicate 0.027 - -
Seconc replicate 0.024 - -
Third rephcete 0.02¢ - -

Foultry (everage) 41‘
Chicken {sverepe ot rephcates! 1 0.022 0.0080 0.012 41

" Fust replicete 0.021 - -
Second replicate 0.02% - -

Fish (saliwater) (average; 2.5% 0.024 2. l - 1]
Sole 1 4 0.022 4.4 1
Tuns 1 1.1 0.02¢ 1.2 2

Fish (freshwater) (averags) ] 1si
Fickerel (sverape of rephcates; 1 0.1¢ 0.022 0.08¢ 18

First replicate —h 0.01¢ -
Second replicate -~ 0.024 -
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TABLE 1. (cont.)

Arsenic Concentratior. % inorganic
Food Category IN:__ Tote' Inorpenic_ Orpanic Argenic’
Shelltish 1 16
Shrimp (eversge of repiicatas} i 0.6% 0.1C 0.52 1€
First replicate - 0.1z -
Secong replicate - o_ogg -
Rice (averspse of replicates) b 0.24 0.1 0.1€ 431
first replicate 0.24 0. -
Second replicate 0.25 0.1 -
Ceroals (average for sll) ] 49'
"Specisl K* (average of replicates) 1 0.27 0.070 0.1F 2€
Firat repiicate 0.2 - -
Second replicate 0.23 - -
Bread (whoie whest, average of replicates} 1 0.024 0.012 <0.006 .50
First replicate - 0.011 -
Second replicate - 0.01z -
Pastry tiour (avetape of replicates) 1 0.011 0.007¢ <0.00& [:33
First replicate 0.011 - -
Second replicate 0.011 - -
Fruit
Apple juice 1 0.012 0.00BE <0.002 73
Vepe!;blea - - - NA
Potatoes - - - NA
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TABLE 1. (cont.}

Arsenic Concentratior: 9% Inorganic
) Food Categon N\ low! __ Inorgsnic  Organi Arsenic*
les teverape of rephcates! 1 0.03% 0.0091 0.02% 25!
; First rephicete 0.038  0.0091 0.02¢
) Secong replicste - <0.02 <0.0 i
Cioarettes ] 90.1% AN 9.0¢ €1l

Note: values exprestes 88 Mg/kg wel weight.

- . not anslyzec

OME . Onterio Ministry of the Environment

* Arsenic concentralion Osts sre teproauced from OME (1987]. Fercent recovery sno

percent inorganic arsenic were calculzted by the present autnors.

t pstimated from OME aate by dividing inorganic arsenic concentration by total arsenic

concentrations. Boxec values represent the entire 000 group, other vaiues represent

indivigual to00s.
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TABLE 2. DIETARY INTAKE OF ARSENIC IN
UNITED STATES AND CANADIAN POPULATIONS

T Childrer:
U.S. Diet® Canadian Diet'

intant Toddle: Ages 1-£
food Cetegory Towal  Inorganic Tatsl Inarganic Totel _ -inorasnic
Dairy 13.4 3.8 8.t 2.2 1.1 0.3
Mest 0.6 0.6 0.c 0c 0.6 0.t
Pouttry 0.4 0.1 1.4 0.4 0.6 0.3
Fish (saftwater) 0.C 0.0 6.0 0.1 B.7 0.1
Fish (treshwater} 0.C 0.0 0.¢ 0.'.) 0.€ 0.3
Sheflfish 0.0 0.0 0.8 0.1 0.€ .04
Legumes® 1.7 0.€ 0.4 0.2 0.2 0.1
Rice€ 0.3 0.1 1.1 0.5 0.7 )
Cereals 1.7 [+ 2.8 1.2 1.€ 0.¢
Fruit 2.1 1.€ 1.¢ 1.4 1.1 0.t
Vepetabies® 1.7 0.€ 1.2 0.6 0.5 0.1
Potatoes” 0.2 0.1 0.t 0.4 0.€ 0.4
Tee NA N& NA NA 0.0 0.0
Other toods' 0.5 ¥ 2.€ 1.3 0.7 0.4
T otnls 21.E 8.3 27.€ 8.4 15.1 4.8
Totais whhout dalry’ 8.1 4.7 18.1 7.1 14.0 4.5

144
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TABLE 2. icont.)

Aduhts

Canaaian Dre:

U.S. Diet* Women 20-3% Men 20-3¢
— -Blep i T ote! Inorasnic
Foog Cste ory o’ inorpanic Tota! Inorpanic ote
D Vi 1.2 0.€ 0.2 0.t 0.2
BIry 4.7
2.1 3.t 3.k
Mea: 2.€ 2.€ 2.1 )
2.3 0. 1.2 0.t 1.6 C.7
Poultry . -
0.2 17.8 C.z 33.8 0.k
Fish (saitwater) 23.2 o - .
0.2 0.2 . K¢ R
Fish (treshweter) 1.t j
1.8 0.3 3.¢ 0.€ 6.2 1.0
Shelitish '
€ 0.€ k<] 0.2 0.1 0.3 C.2
Lepumes
€ 1.3 0.t 1.€ 0.7 1.8 0.
Rice
3.1 1.t 2.4 1.2 3.5 1.9
Ceresis
1.7 1.5 0.8 0.€ 1.0 0.8
Frun
S £ 0.7 0.3 . P
Vepmnbles‘ 3.5 1 7 0.8 R
' z £ 7 . &
Fotstoer 1.2 0 0.7 0. 1 1.0
Jer N£ N& 0.€ b 0.€ 0.0
Other toods' 4.7 2.4 1.8 0.c 3.E 1€
Totats 52.¢ 14.¢ 34.4 8.1 $9.€ 12.7
T otals without dairy® 42.5 12.7 33.8 7.¢ 58.6 12.5

Foornotas on next pags.
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TABLE 2. (cont.|

146

Note:  VBIUBS expressss s ug/asy.

FDs& - U.S. Food and Drup Aoministration
N& - no gsts svailsbie
OME +  Ontario Ministry ot the Environment

° Estimates besed on percentages of inorganic arsenic from OME (uniess otherwise nolec)
combined with FDA market basket consumption vaiues tor 1982 1o 1990 ano total arsenic
concentranions as reported in borum (1952}, infants are up to 8 months, toodiers are & months
10 Z years, anc edults are 18 ysars and older.

® Estimates bassg on percenteges of norpenic arsenic trom OME  {uniess ptherwise noted:
combined with total ersenic concentrations from the Canadisn Heatth Protection Eranch anc
inmske trom Nutrition Canage as-reported in Dabeks et al. {1993]. Toteis tor esch tood group ir
Dabeke et 8l. {1993) were used in these estimates ang the overall sum for 8!l fooos coes not
match the overall sum in Dabeka er #/. {(1893).

¢ No isgumes or vegetablies were messured by OME: 47% inorganic arsenic sssumec

teverage of rice ano cerea)s in OME}.

€ FDA category tor *mixturs mainly grain” used in estimates for U.S. popuiations.

* No poistoes were analyzed by OME: 76% inorganic arsenic assumed beseg on the

everage inorasnic arssnic oetected in yams in Schoot er a/. {1997).

' Other tooas were essumed to contein 50% inorganic arsenic. basec on the average of ali
toods anaiyzed by OME of 46%.

* Concentratrons of total arsenic in dairy in U.5. populations are uncertain because of a higk.

number of unoetected vaiues in dataset. See texi.

Hum. Ecol. Risk Assess. Vol. 4, No. 1, 1998
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TABLE 3. COMPARISON OF TOTAL ARSENIC DETECTED IN

OME AND DABEKA ot o/, (1993)

OME/Dabekr
omr’ Dabeka ot ai. (19931 et 2. 11993
Food Catepon Averane Averape Ranpe © Avetsper
Milk and Dairy Frogucts (everage! - 0.003¢ 0.004-0.02¢€ -
Vanilie ice cresm: 0.01¢ 0.00E 0.0007-0.010 3.2
Mea! (sversge! - 0.026  <0.001-0.53¢ -
Pors (cured! 0.01z 0.07¢  0.0081-0.02E 0.7
Pastrami 0.024 0.01¢  0.0062-0.037 1.7
Poultry (sverage) - 0.02€ <0.001-0.1 -
Chicken 0.022 0.047 0.018-0.1 0.5
Fish (saltwater) (sveranel 2.580 3.0t 1.85-4.83 0.8
Fish {treshwater) (sverepe! 0.14C 0.4t 0.077-1.3¢ 0.2
Shelifish 0.65C 2.0¢ 1.01-4.2 0.3
Rice (sverage} 0.23¢ 0.097 0.075-0.36% 2.4
Ceresis (sverane) 0.100 0.011 <0.0001-0.142 ot
Fruit (spple juice) 0.01Z 0.0060 0.0045-0.009¢ 2.0
vegetables - 0.0053 <0.0001-0.03& -
Potstoes - 0.09€ <0.0001-0.044 -
Tep 0.03E 0.0021  0.0004-0.0051 163

Note: Velues express as mg/kg wet weight.

All velues are averages of replicstes or sversges of toods in the group except apple juice,

which is a singie value.
— - ooate not sveilable

OME - Ontario Ministry ot the Environment

* See Teble 2 for specific products trom these tood categories snelyzed by OME.
' Foods were selected from Dabeks er af. (1593} thet most closely approximsied foods anaivzed

by OME.

Hum. Ecol. Risk Assess. Vol. 4, No. 1, 199¢
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able for legurnes or vegetables; an esumate of 47/o inorganic arsenic was
applied 10 these foods based on the average percentage of inorganic arsenic
detected 1n rice and cereals. Because no OME data were available for potaioe:.
the esumate of average inorganic arsenic in vams of 76% from Schoof e a!
{1998 was applied here. The FDA category of “other foods,” which includec
datz for oils. beverages (other than those prepared from dairy or fruit prog-
ucts). cofiee, and addivonal foods, was assumed to contain 50% inorganic
arsenic based on the average of the OME percentages for all food categories
analvzed. These calcuiatons vielded total United States dietary intake esu-
mates for inorganic arsenic of 8.3 pug/day for infants, 9.4 ug/day for toddlers.
and 14.0 pg/dav for adults (Table 2). Intake esumates that exclude arsenic
intake from dairy products are also presented in Table 2 because of uncertain-
ties in the estimates for that food category (see Discussion below).

Canadian Diet

Total arsenic intake in the typical Canadian diet was reported by Dabeka er
al. (1993), who summarized age- and sex-specific consumption rate data for
112 food categories representadve of the Canadian diet and corresponding
tota} arsenic concenuauons. Consumption data were collected by the Nutri-
tion Canada Survev of the Canadian Department of Health and Welfare. Total
arsenijc concentrations in food samples from the 112 food categories were
collected from six Canadian cides and compiled bv the Canadian Total Die!
Program. Food samples had been prepared for consumption, homogenizedg,
and then digested in nitric acid prior to measurement of total arsenic bv
graphite furnace atomic absorption.

The intake of total arsenic averaged over the six Canadian cilies ranged
from 15.1 ug/day for children ages. 14 1o 59.6 ug/day for adult men ages
20-39. The overall average for the entire population was 38.5 pg/day (Dabeka
et al.,, 1993).

To derive the inorganic arsenic estimates in Table 2, the total arsenic
concentratons for the food categories reported in Dabeka ef al. (1993) were
multiplied by our esiimates of percent inorganic arsenic in the corresponding
groups (Table 1). These calculations vielded estimates of total Canadian
dietarv intake of inorganic arsenic of 4.8 ug/day for children ages 14,
8.1 pg/dav for women ages 20-39, 12.7 ug/day for adult men ages 20-39. and
8.3 pg/day for all ages combined.

DISCUSSION
The analvses presented in this paper suggest that inorganic arsenic com-
prises approximately 20% 1o 40% of total dietary arsenic intake. Additonal

research is needed to confirm these estimates. Cereals, rice, and fish, idenu-
fied as reladvely imporwant sources of total arsenic in the diet (Dabeka et al,
1693; Gunderson, 1995), were well characterized in the OME data set and
appear to be important sources of inorganic arsenic as well. The estimates for
rice and fish are also supported by other studies. Schoof et al. (1998) found an

148 Hum. Ecol. Risk Assess. Vol. 4, No. 1, 199¢
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average of 68% inorganic arsenic in speciation analyses of seven rice samples.
Norin ¢t al. (1985) reported 5% to 22% inorganic arsenic in freshwater fish.
and a review bv Shiomi (1994) reported inorganic arsenic in saltwater fish
ranging from 0% to 3%. '
Addiuonal inorganic arsenic data on other relatvely large dietary arsenic
Sources such as dairy products (i.e., milk with a range of fat comem?_, beef (i.c..
hamburger or steak), poulmy {i.c., eggs), and potatoes would reuuce.uncexj
tainties associated with the use of the OME data set. Although fruits and
vegetables do not appear 10 be primary com_tnt?utors o total dietary arsenic
intake, information on the proporton that is Inorganic vx_'ould be useful in
’ th risk assessments where consumption of homegrown
produce is often evaluated. While arsenic intake from hor_ne-growp produce is
ften dismissed as being irrelevant because onlv nonioxic organic forms are
o limited data suggest further evaluation is warranted.
b lh;:;]; 9 suggest United States dietary intake of inorganic arsenic i<
hi 1}),:;2;_1:3;1 Canadian intake. The most comparable age calegories between
th two data sets are United States toddlers (6 months.to 2 vears old), with 2
dailv inorganic arsenic intake of 9.4 He, and ]_—4 vear _olc_l Canadians, with &
dailv intake of 4.8 pg. Although the inorganic arsenic intake estmate for
United States aduls, 14.0 pg/day, was similar to that for Canadian men ages
90-39, 12.7 ug/day, the estimate for United States adults was higher than
estimates for Canadian women ages 20-39 (8.1 ug/day). The single largest
difierence in intake of inorganic arsenic between United States and Canadian
populations appears to be from milk and dairy products. United States intake
values range from 1.2-3.5 pg/day, while intake in Canadian populations
ranges from 0.2-0.3 pg/day (Table 2). This categorical difference appears to
be large enough to account for most of the overall difference in intake (Tabie

2).

conducting human heal

The summary of FDA data used in the current estimates {Borum, 1992) did
not allow an exact comparison of consumpuon rates for dairy products in
United States and Canadian populatons. A summary of United States con-
sumption rates estimated from 1980-1982 FDA data (Gartrell er al, 1986)
suggests, however, that differences in intake from dairy products may be
related to higher consumption rates of these products in United States popu-
lations. Garurell et al. (1986) reported higher average dailv consumpuon rates
of dairy products for United States adults (761 g) than were reported by
Dabeka er al. (1993) for all Canadians (442 g), Canadian women ages 20-39
(291 g), or Canadian men ages 20-39 (425 g). Verificaton of summary data
on consumpuon rates for dairy products in United States populations wouid
be useful because this food categorv is an important contributor of dietarv
arsenic: however, consumption rate differences alone do not appear to be
sufficient to explain the differences in the two data sets.

Observed differences in intake of arsenic from dairy products may be due
to uncertainties in the total arsenic concenwuatons derived from the FDA
summary used here (Borum, 1992) where total arsenic concentrations were
derived from the average of the detected sample, excluding any nondetected

Hum. Ecol. Risk Assess. Vol. 4, No. 1, 1998 149
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samples from the esimate. Because there were verv few total arsenic detections
in dairy proauct.s total arsenic averages based solelv on delected samples mav
have resulted in an overesumate of 1otal arsenic concentrations. Data sets fo;
other food groups had a much smalier proporuon of nondetected samples
and are less likely to be overesimates. Esumates derived by Dabeka er al
(1993) used detection limits in calculating averages including nondetected
samples and thus, these esumates are also less likely 1o overestimate concen-
trations of total arsenic in dairy products. Calculadons of inorganic arsenic
intake excluding intake from dairy products show much closer agreement
berween United States and Canadian populations (Table 2).

Applicadon of inorganic arsenic data from the 15 individual food types
anahzed bv OME to derive estmates of inorganic arsenic intake for all foods
provides preliminary esumates that need to be confirmed by additional stud-
ies. Variability of total arsenic among foods within a food group (e.g., specific
dairy products within the milk and dairy food group) analyzed by Dabeka et a’.
(1998) often spans an order of magnitude, while data from OME are only
available for one food each from the dairy, fruit, and poulty categories. In
addition, some food groups (eg., legumes, potatoes, vegetables) were not
represented among the food samples analyzed by OME,; the use of extrapo
lated values from other food groups to represent these food groups mav
under- or overestimate inorganic arsenic exposures.

Verv few studies of arsenic forms in food have been performed, and con-
cerns have been raised that the strong acid digestions used in analyses of
organic and inorganic arsenic could break down organic arsenic compounds
(Mushak and Crocett, 1995). Nevertheless, virtually all the speciated arsenic
recovered in fish was present in organic forms (i.e, the average percent
organic arsenic concentration was 99.6% in two marine fish samples and one
shrimp sample) (Table 1). This issue is discussed in more detail in Slayion e
al. (1996) and in Schoof et al (1998).

Although OME analyzed a limited number of individual foods, the availabil-
ity of replicate samples and the relatively good agreement of replicaies swength-
ens the OME findings. Eleven of the 15 foods analyzed by OME were analyzed
in duplicate or triplicate for either total or inorganic arsenic, with percent
differences in replicates ranging from 0% to 29% (Table 1). The good agree-
ment between total arsenic concentrations reported by OME and by Dabeka
et al. (1993) also suggests that the OME data set accurately represents arsenic
concentrations. Average total arsenic concentrations measured bv OME are
generally within 2 facior of three of average concentrations measured for
those foods by Dabeka er al. (1993). Total arsenic detected in ail but three of
the foods analvzed by OME were within the range reporied by Dabeka ef al

(1993) (Table 3).*

¢ At the ume of preparaton of this manuscript, the authors did not have data
needed to conduct a similar comparison of total arsenic in specific foods analvzed

by FDA
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Risk assessment of ingested arsenic is based on toxicity values derived from
a population exposed 10 arsenic in drinking wateT. Absorption of arsenic from
soll 1s less compiete than the absorption of arsenic from water (Freeman et al.,
1995: Groen et al, 1994; Ruby e al., 1996). Arsenic in food may also haye
limited bioavailability. To accuratelv estimate €XpOsure 10 INOTZanIC arsenic 1n
food. it is necessan; 10 delerminé the absorption of arsenic from dietwary

sources. Research on the bioavailabilitv of arsenic in food sampies would
provide datz to more accurately assess the imporiance of diewary arsenic

mtake.

CONCLUSIONS
The OME data set published here was used by EPA as a basis for esumates

of dietarv intake of inorganic arsenic used in developing toxicity values for
ingested (arsenic. While estimates provided he_re .a.re_prehmman,’, because.of
limitations in the OME data set and unceriaindes in total arsenic in dairv
products in the United States, this analysis suggests that dietary intake of
inorganic arsenic is higher than previousl}:' assume_rd. Additional research is
needed to more- fullv characterize inorganic arsenic concenmations in food
types. Future study is also needed on the variability of total and inorganic
arsenic in foods and the bioavailability of dietary inorganic arsenic.
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